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labor between human hands preceded the division of labor between 
human hands and power-driven mechanisms, so the increasing divi- 
sion cf intellecrual labor berween different human minds preceded 
today's divisions ef labor between homan minds and an ever- 
grewing array of electronic or other communications, calculating, 
and control eqpurprnent. 

What have the new machines of communication and control to 
offer for a further understanding of historical and social processes? 
For thousands of years, the operations of communication and 
contrel were largely carried on inside the nerve systems of human 
bodies. They were inaccessible to direct observation or analysis. 
They could be neither taken apart nor reassembled, In the new 
electronic machines of communication and control, mvessages or 
control operations can be taken apart, studied step by step, and 
recombined into more —— 


rived from this techno ery and which Norbert Wiener has called 

“eybernetics,” is therefore a new science about an old subject. In 

Fr ol ae oesenioamacensee el 
the facilities of modern technology to map out step by step the 
sequence of actual events invalved.' 

Cybernetics, the systematic study of communication and control 
in organizations of all kinds, is a conceptual scheme on the “grand 
scale,” in J. B. Conant’s sense of the term." Essentially, it represents 
a shift in the center of interest from drives to steering, and from 
the noncyclical aspects of such systems. In its scope, it is comparable 
to Lavoisier’s stress on quanticative chemistry, or to Darwin's con- 
cept of evolution. As to its performance and success, the furure 
will have co tell, but it is perhaps safe to say thar social science is 
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The fundamental viewpoint of cybernetics and its relevance 
to social scence have been well expressed by Norbert Wiener: 


The existence of Social Science is based on the abiliry to oreat a 
social group as an ofganization and not as an agglomerathon. Com- 
munication is the cement that makes organisations. Commanication 
alone enables a group to think together, to see together, and to act 
rogether. All socmlogy requires the understanding of commanication, 

Whar is true for the unity of a group of people, & ms equally troe for 
the individual integrity of each person. ‘The various elements which 
make up cach personality are in continual communication with cach 
other and affect each other through control mechanisms which them- 
selves have the napere of communication. 


Certain aspects of the theory of communication have been con- 
sidered by the engineer, While luaian and social communication are 
extremely complicated in comparison to the existing patterns of 
machine communication, they are sabject to the same grammar; and 
this grammar has received its highest technical development when ape 
plied to the simpler concent of the machine? 


In other words, the wiew point of cybernetics suggests thar all 
organizations are alike in certain fundamental characteristics and 
that every organization is held together by communication. Com- 
munication is a process different from transportation on the one 
hand and from power engineering on the other. Transportation 
transmits physical objects such as liquids in papelines, of boxes or 

in trains or on escalators. Power engineering transmits 

quantities of electric energy. Communication engineering, by con- 
trast, transmits neither tons of freight nor kilowatts of power. It 
transmits messages that contain quantities of information, and I shall 
say more about this concept of information later in this chapter. It 
is communication, that is, the abiliry to transmit messages and to 
react to them, thar makes organizations, and it scems that this is true 
of organizations of living cells in the human body as well as of 
organizations of pieces of machinery in an electronic calculator, as 
well as of organizations of thinking human beings in social groups.* 
Finally, cybernetics suggests thar steering or governing is one of 
the most interesting and significant processes in the world, and that 
a study of steering in self-steering machines, in biclogical organisms, 
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in human minds, and in societies will increase our understanding of 
problems in all these fields. 


ANALOGIES AND CONVERGENT DEVELOPMENTS 


Why should anyone think that this viewpoint represents a con- 
cepoual scheme and not a mere analogy? Actually, the meaning of 
the term analogy is often poorly understood. Analogy means limited 
structural correspondence. All mathematics is based on analogies, 
and so isa large part of every science. Darwin himself cells us tha it 
was his percepnion of the analogy between Malthus’ theory of human 
population and certain processes in the animal kingdom char bed him 
to his theory of evolution. When scientists speak disparagingly of 
“there analogies,” they mean, more accurately, “false analogies” or 
“poor analogies.” The test by which we discriminate between a false 
analogy and a good analogy consists in the extene of actual strucnural 
correspondence berween the two systems from which the analogy is 
drawn.’ How many and how significanc are the instances in which 
the analogy holds good, and how numerous and how important are 
the instances in which it fails to work? These are the questions by 
which we test analogies and which serve to unmask the many false 
analogies which lool plausible at first glance but fail completely 
after the early stages of the application. The test of a good analogy, 
conversely, is that it continues to be confirmed after we have pene- 
trated mare deeply into the subjects it purports to connect and thar 
it becomes. nore fruitful of mew ideas and of new investigations as 
we continue to apply it. Darwin's analogy with the work of Malthus 
wis a good analogy in this sense, and so was Torricelli's analogy be- 
tween the atmosphere and a “sea of air.” It is suggested that cy- 
bernetics is currently proving itself a good analogy or conceptual 
scheme in a similar manner. 

The rise of the viewpoint of communications in the present period 
has not been fortuitous, Racher, it has been the result of convergent 
developments in a whole series of different sciences. Among these 
trends is the development of mathematical and statistical methods 
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for the study of randomness and order, and thus of probability, lead- 
ing to the mathematical theory of communication as developed by 
Norbert Wiener, Claude Shannon, and others. During the same de- 
cades the concept of homeostasis was developed by Claude Bernard, 
and later by Walter B. Cannon and Arturo Rosenblucth in phys- 
inlogy. This medical work found its parallel in the mathematical 
and empirical seudies of control mechanisms, from Clark Maxwell's 
early paper on the governor in steam engines to the highly de- 
veloped automatic control engineering of today. Problems of flow 
in various organizations were studied in production engineering, 
traffic engineering, city planning, and the design of telephone sys- 
tems. Advances in the design of automatic switchboards eventually 
merged with the long-standing efforts to design effective calculating 
machines, from the early days of Leibniz and later of Charles 
Babbage to the analogue computor constructed by Wannevar Bush 
and the big digital computors of today. These advances in. mathe- 
matics and the study of physical systems were paralleled by Ivan 
Pavlov's emphasis on the material mature of psychological processes, 
and on the discrete structure of the conditioned reflexes on which 
many of them were based. This emphasis was balanced by the rise 
of the school of Gestalt psychology led by Kurt Koffka and Wolf- 
gang Kohler, emphasizing the importance of pattern and order, and 
the rise of the depth psychology of Sigmund Freud and his followers. 

Tt is the experience of this new group of sciences that finds its 
reflection in some of the major ideas of cybernetics, such as the 
motion of the physical reality of pattems and of information and 
of the statistical narure of the acter, as well as the related notions of 
the physical nature of control (processes, memory, and learning. 

Taken together, the new and monons promise to re- 
place the classic analogues or models of mechanism, organism, and 

which so long have dominated so much of scientific think- 
ing. All three of these models have long been felt to be inadequate. 
Mechanism and the equilibrium concept cannot represent growth 
and evolution. Organisms are incapable of both accurate analysis 
and internal rearrangement; and models of historical processes 
lacked inner structure and quantitative predictability. 
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In the place of these obsolescent models, we now have an array of = and hormones in a living body, or by electric signals in an electronic 
sclf-controlling machines that react to their environment, as well as device." 
to the results of their own behavior; that store, process, and apply | How does a modern communications mechanisn look and what 
information; and that have, in some cases, a limined capacity to concepts can be derived from it? 
learn. Let me refer here to a brief sketch | gave elsewhere: 

None of this is theaght in the homan sense of the word, a5 we 
ied ta tes aus Yoalaricinie: caf. Seadhvatcails ar commie bane x: hae alee A modern mdar tracking and computing device can “penoe” an ob- 

— Broups, rept ie ject im the air, interacting wich its beam; it can “interpre” ic as am 
parallels to it. Above all, the storage and treanment of information airplane (and may be subject to error in this “perception"); it can 
In machines, and its application to the control af the machimes them- | apply records of past experience, which are stored within is net 
athves, are taking place under conditions where every step can be ( work, and with the aid of these data from “memory” it can predict 
traced distinctly and where every system can be taken apart for 999 1 probable location of the plane several seconds ahead im the future 
study and reassembled again. This is a research advantage that it | “ag ead eee dee oraheedeie eey Fursreerrieast semi 
| Ee Sera aaa ere as in its “pork,” and to “disappointment,” if its calculation 

would be neither essy nor entirely desirable to persilel in the case | bilicy was earrect, bot if the airplane should take 2 less probable 
of human beings. | | | course), tt can turn 2 barrery of antiaircraft guns on the cabculared 

The test of the usefulness of this new science, as that of any science, sper and shoot down the airplane; and it can then “perceive,” predict, 
om shoo pre a per espace dt | aod: soor down tie merc Wf ie chowkd spot more tem one airplane # 


the same time, it mast become “infirm of purpose,” or else decide 
("make up ts mind") which one to shoot down first. .. 

Man made machines actually operating or designable today have 
devices which function as “sense organs,” fornish “interpretations” of 
scmuali, perform acts of reoognition, have “memory,” “learn” from 
PX perience, carry aut motor actions, are subject to conflices and jam- 
sieberiana Pirie Pe baat pore bagile 
erating rules of preference or “value” in distributing their “attenoon,” 
ee eee rete eee ee 

oher decisions, or even conceivably overriding previous operaning 
roles in the light of newly “learned” and “remembered” information. 

None of these devices approach the overall complexity of the hu- 


rhage magepest lichercen comnunicatine chetuek ox: costeel panceiiel 
ee ee eee 
or efuted by the fae. They must be meaning eat cpa 
fied, Patt; lead tes vie Opecationns aie terse ooieceec 














A SELF-CONTROLLING SYSTEM man mind. While some of them excel it in specific fields (such ax the 
mechanical or electronic calculators}, they are not likely to approach 
To the exeent thar we can demonstrate that such analogies exist, its general range for a bong time wm come. Hot, as simplified models, 
and that they are fruitful in research, we may derive from them a they can aid our understanding of more complex mental and social 
generalized concept of a self-rmodifymeg commmeications network cg air ee ee Ee eee 
or “learning net.” Such a “learning ner would be any system Harv Se eed hs cacutikias okie tae 
characterized by a relevant degree of organizacion, commanication, ed ay 
ee eaten gee eek ae tee Poe) Seen ee What are some of the notions and conceprs that can be derived 


words between individuals in 2 social organization, or by nerve cells 
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from this technology? Perhaps the most important is the notion of 
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THE CONCEPTS OF INFORMATION, 


Power engineering transfers amounts of electric energy, conemrum- 
cations engineering transfers mrformation. It does not transfer events; 
it transfers a patterned relavionship berween events. When a spoken 
message is cransferred through a sequence of mechanical vibrations 
of the air and of a membrane; thence through electric impulses in a 
wire; thence through electric processes im a broadcasting station and 
through radio waves; thence through eleccric and mechanical proe- 
essts in a receiver and recorder to a set of grooves on the surface of 
o disk: and finally played and made audible to a listener—what has 
been transferred through this chain of processes, or channel of com- 
munication, is not matter, nor any one of the particular 

mor any significant amount of energy, since relays and electronic 
tubes make the qualities of the signal independent from a consider- 
able range of energy inputs. Rather it ts something that has remained 
unchanged, invariant, over this whole sequence of processes. 

The same principle applies to the sequence of processes from the 
distibation of light reflected from a rock to the distri af 
black or white does on a printing surfsee, or the distribution of 
elecuric “yes” or “no” impules in picture telegraphy or television. 
Whar is cransmitred here are neither light rays nor shadows, but 
information, the pactern of relationships berween them, 

In the second group of examples, we could describe the state of 
the rock in terms of the distribution of light and dark points on its 
surface. “This would be a state description of the rock at a particular 
ome. If we then take a picture of the rock, we could describe the 
state of the film after exposure in terms of the distribution of the 
dark grains of silver deposited on stand of the remaining clear spaces, 
that is, we should get another state description. Each of the two stane 
descriptions would have been taken from a quite different object—a 
reck and a film—ut a large part of these two stare 
would be identical whether we compared them point by point or in 
mathematical terms. There would again be a great deal of idensity 
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between these two descriptions and several others; such a3 the de- 
scniption of the distribution of black and white dors on the printing 
surface, or of the electric “yes” or “no” impulses in the television cir- 
cuits, of the light and dark poines on the television screen. The extent 
of the physical possibility to transfer and reproduce these patterns 
conresponds to the extent that there is “sorething” unchanging in all 
the relevant state descriptions of the physical processes by which this 
transmission is cared on. Thar “something” is informmrion—rhose 
aspects of the Nate described: of cach physteal process that all these 
precestes bad im commmon.* 

To the extene chac the last state description in such a sequence 
differs from the first, information has been lose or distorted during 
its passage through the channel From the anxvune of information 
transmitted as against the information lost, we may derive a measure 
af the efficiency of a channel, a5 well as of the relative efficiency or - 
complementarity of any parts or states of the channel in relation to — 
the others, 

These patterns of information can be measured in quantitative 
terms, described im mathematical language, analyzed by science, and 
transmitted or processed on a practical industrial scale. 

This development is significant for wide fields of natural and social 
sciences. Information i¢ indeed “such stuff as dreams are made on,” 
Yet it can be transmitted, recorded, analyred, and measured. What- 
ever we may call it, information, partern, form, Gestalt, stare de- 
scription, distribution function, or negative entropy, it has become 
accesuible to the creanment of science. [t differs from the “matter” 
and “energy” of nineteenth-century mechanical materialism in that 
it cannot be described adequarely by their conservation laws. 

Bot it also differs, if not more so, from che “idea” of “idealistic” or 
metaphysical philosophies, in that it is based on physical processes 
during every single moment of its exisnence, and in that it can amd 
must be deale with by physical methods. [t has material realiry. It 
exists and interacts with other processes in the world, regardless of 
the whims of any particular human observer; so much so that its 
reception, transmission, reproduction and in certain casts its recog- 
nition, can be and sometimes has been mechanized, 
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These, then, were the main developments that came to a head 
after 140. Cybernetics as the science of communication and control 
afese in response to a technological and social opportunity. It was 
made possible by advanced and parallel developments in neuro- 
physiology and psychology, in mathematics, and in electrical engi- 
neering, and by the growing need for cooperation among these and 
other sciences." The result of these developments was a new body of 
qe ae a ee jonaliry, that is, 
in its ability co be retraced step by step in its 

The concept of information grew out of this new body of exper 
ence, and particularly out of the separation of communications engi- 
necting from power engineering. fecierenaiieik ia tineisa conan 
in telephony or television: it is net events as such, but a patterned 
relationship between events. Information hes “phyucel, “omtecee: 
reslity, without eaception, it is carried by matier-cnergy processcs. 

Yet it is not subjece wo cheir conservation Seay Seshosnelioes <u T 
sett add we aba eas Saal Be eed 
or destroyed completely into nothingness.” Finally, it differs from 
the clase notion of “form” im that it can be analyzed into discrete 
units that can be measured and counted. 

/ “Informacion consists of a transmitted pattern that is received and 
evaluated against the background of a statistical ensemble of related 
patrerns, The classic example for this is the standardized birthday 
| telegram transmitted by telegraphing a single two-digit number 
indicating the message to be selected from the limited set of prefab- 
ricated messages held ready by the company. All information at bot- 
fom involves the indication of some pattern out of a larger statistical 
Sass ek Se Semen Ee Sey AOR NE Oe Bele Te 














Hots iif i: lions idle reonddiivo. cen’ i estat are nied 
proces and can, im fact, be mechanized in many instances, Current 
ee ee ee 
tion range all the way from the lowly and candling 
machines to the Moving Target Indicator and the Friend and Foe 
 singalaeeeaeiniie stones pre Forces.'* Similar standardized 
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parthy mechanized thos far and thar still embody standardized human 
Operations at some stages, Examples of such semimechanized recog- 
nition processes inclode qualitative analysis in chemistry and the 
Crocker-Henderson odor classification scheme and inp successor, 
the favor profile, according to which each of five bondred well- 
Kocwn smell: can be identified by a four-digit number.** These rec- 
opnicion devices have grown wp emparically, but the application of 
the theory of information forms part of the current development 
work on more complex devices of recognition—devices that are to be 
used to penmit the deaf to understand spoken messages and the blind 
to read printed books, as well as for work on machines thar will cran- 
scribe dictation or translate printed marter from one language into 
another." Work on all these problems has been under way since the 
1970's at several imstitutons of research, 


Since information has physical reality, its storage, that is to say, 
mentory, is also a physical process. Most processes of thought can be 
represented in terms of a are Process: 

First, abstraction or coding of incoming information into appro- 
priate symbols, 

Second, storage of these symbols by means of quasi-permanent 
changes in the state of some appropriste physical facilities, such as 
activity patterns of cells in nervous tissue, or the dismribution of writ- 
ten marks on paper; 

Third, dissociation of some of this nformasion from the rest, 

Fourth, recall of some of the dissociared inems, as well as of some 

Fifth, recombinations of some of the recalled items into new 
pateerns that had not been present among the input into the system, 

Sixth, new abstraction from the recombined items preserving 
their new pattern, but obliterating its combinarorial ongi. Speps 

BS 
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Seventh, transmission of the new item to storage or to applications 
to action, This application of novelry to behavior we may call mutia- 
fee, 

A similar multistep sequence could consist of marching an incom 
ing pattern of information against another pattern recalled from 
storage or memory. Bath patterns are exposed to a critical process, 
thar is to cay, a physical process the outcome of which depends crini- 
eally on the degree of correspondence berween the two patterns to 
which ic is applied. If the difference berween the two patterns is 
smaller than a certain threshold given by the process, the critical 
process will have one result; if the difference is larger, the proces 
will have another outcome. The process of recognition is completed 
by applying the outcome of the critical process to the behavior of 
the system. 


AN OPERATIONAL APPROACH TO 


Ina much more general aspect the notions of information and com- 
plementarity might be used to elasify the notion of quality that has 
sometimes baffled social scientists. From Plato and Aristotle to Os- 
wald Spengler, Onto Strasser, and Fimst Jiinger, auchoritarian philoso- 
phers and political theorists have invoked qualirative judgments, the 
“all or nothing” reactions of taste or esthetic appreciation, as weap- 
ons against rationality or democracy. Only the coarse and simple 
things of social life can be counted and measured, so the argument 
has run, while all cruly subtle and important things defy quantifi- 
cation and step-by-step analysis, Their imponderable and incom- 
mensurable peculiarities make them a law unto thernselves, and a 
proper analogue to the superiority of mankind's privileged individ- 
uals, classes, or races. By concrast, if those social scientists who 
favored privilege have invoked quality in its defense, some of those 
who anacked privilege have tried to ignore problems of qualiry al- 
together, 
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terms of the operations from which they are derived, that is, from 
the operations involved in the processes of recognition and of meas- 
urement. At Massachusetts Insticute of Technology a preliminary 
survey has been made of six processes involving recognition. These 
“x systems are in actual use. Two of them are mechanical: the Yale 
lock and the automatic sorting of punched cards. Two are electronic: 
the equipment for the Identification of Friend or Foe (LF.F.) and 
the Moving Target Indicator (M.T.I.). The last two involve biologi- 
eal or chemical processes within a systematized sequence of steps of 
human labor: the Crocker-Henderson odor clasification scheme, 
and the scheme of qualitative analysis in chemistry. 

In all cases it was found thar the critical step in the recognition of 
quality was the establishment of a structural correspondence be- 
tween a part of the recognizing system and the system that was rec- 
ognized, and the testing of that correspondence by a critica! process, 
that is, a physical process the outcome of which depends critically 
on the extenc of thar correspondence.” (uality is recognized, there- 
fore, by the matching of two structures. The decisive step & to es- 
tablish whether or not such matching has occurred. 

Quantity i in this view would appear to be really a more compli- 
cated notion than quality. It can be measured only after some quali- 
tative matching has occurred or has been established; and it consises, 
then, in the matching of these matchings, that is, in comparing these 
operations of matching with each other, so as to derive a resule of 
“more” or “less” from this comparison, or m comparing them with 
Somme COUNtIng structure, so as to record the number of complete 
matchings, 

Quality in this view is derived from simple matching; quantity is 
derived from second-order matching. Despite this fact, qualiry has 
appeared to some writers as the more complex of the two notions, 
since quantitative measurement occurred only in those relatively 
well-understood siruations where qualitarive recognition had already 
taken place and where the latter could, therefore, already be taken 
for granted. The situations where qualitative problems were con- 
spicuous were precisely those more difficult cases where structural 
matching had noc yet been accomploshed well enough to penmit 

ay 


quantitative comparisons. There is reason to sispect that many of the 
qualitative problems im soctal and polirical science may turn our to 
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FEEDBACK AND EQUILIBRIUM 


Another significant concept elaborated since the 10's is that of the 
“feedback.” The feedback pattern is common to self-modifying 
communications networks, whether they are electronic conecrol de- 
vices, Nerve systems, or social organizations. “In a broad sense [feed- 
back} may denote that some of the output energy of an apparatus or 
machine is returned as input. ... [Lf] the behavior of an object is 
feedback is . . negative, that is, the signals from the goal are used 
Ja yekcich oatpany wtack: woul ihicreree pk hacpued tie weal 1S 
this. ...meaning of the term feedback chat is osed here." “By our- 
po iimetnc any change produced i the sucrounsiegs by the Object 
By inpot, conversely, is meane any event external to the object that 
modifies this object in amy manmer.”"" 

In other words, by feedback—or, as it is often called, a servo- 
Hort in response to an input of information, and mrcludes the results 
of itt cion action in the new mformanon by which it mtodrfies is 
miyequent bebawor, A simple feedback network contains arrange- 
ments to react to an ourside event (for example, a target) in a speci- 
fied manner (such as by directing guns ar it) unzil a specified stare 
eae a soba ee p= 
fectly, ar the automatic push-button tuning on a radio 
‘it coreuunlic exe ec wectenet smacked: lf the action 
of the neework has fallen short of reaching fully the sought adjust- 
ment, ic i continued: if i¢ has overshot the mark, it is reversed, Both 
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to which the goal has not yet been reached. If the feedback is well 
designed, the resule will be a series of diminishing mistakes—a dwin- 
dling series of under- and over-corrections converging on the goal. 
If the functioning of the feedback or servomechanism is not adequate 
fo its tack (if it ks inadequately “dampened "). the mistakes may be 
come greater, The network may be “hunting” over a cyclical of 
widening range of tentative and “incorrect” responses, ending in a 
breakdown of the mechanism. These failures of feedback networks 
have specific parallels in the pathology of che human nervous system 
(“purpose tremor’) and perhaps even, in a looser sense, in the be- 
havior of arumals, men, and whole communities." 

This notion of feedback—and its application in practice—is at the 
heart of much of modern control enginecring. It is a more sophisti- 
cated concept than the simple mechanical notion of equilibrium, and 
it promises to become a more powerful tool in the social sciences 
than the traditional equilibrium analysis. 

Tf we say that a system is in eqiiibroant, we make a number of 
rather specific suggestions, We suprest that it will retum to a 
parucular stare when “disturbed”; that we imagine the disturbance 
is coming from outside the system; that the syscem will return with 
ance; thar the high or low speed with which the system reacts or 
with which its parts act on each other is somehow irrelevant (and 
we term this quality “fiction” to denote that it & a sort of imper- 
fection or blemish that has mo proper place in the “ideal” equilib- 
rium); and finally we suggest that no catastrophes can happen within 
the limirs of the system, bue that, once an equilibrium breaks down, 
next to nothing can be said abour the fucure of the system from then 
OF 
science, called “steady stare dynamics.” They are mot well suined to 
deal with so-called rrannenrs; that is, they cannot predict the conse- 
quences of sudden changes within the system or in its environment, 
such as the sudden starting or stopping of a process, Altogether, in 
the world of equilibrium theory there is no growth, no evolution; 
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there are no sudden changes, and there is no efficient prediction of 
the consequences of “friction” over time. | 

On all these point: the feedback concept promises improvements 
Instead of pushing the effect of “friction” into the back 
feedback theory is based on the measurement of dag and gam. Lag is 
the time that elapses berween the moment a negative feedback sys- 
tem reaches a certain distance from its goal and the moment ir com- 
pletes corrective action corresponding to that distance. Gain means 
the extent of the corrective action taken. An mexperienced awto- 
mobile driver tends to have slow reflexes: he responds tardily to the 
information of his eyes that his car is heading for the right-hand 
ditch. His lag, in feedback terms, is high. Yer when he acts, he may 
rurn his steering wheel sharply—with a high gain—and head for the 
left-hand ditch until he notices the overcorrection and corrects hus 
extent of his lags and of his gains—we can try to predict the wob- 
bliness of his resulting course. 


Lag and gain, in the feedback approach, are the most important 
variables to work on, Of the twa, lag is the more important. It can 






peidicsia ul « Woven doticnes Secees wb when 
a didves ceampenasies for ws onieipaand amar da Ee aac 
its onset, What fag still remains will permit control engineers to 
calculate just how much gain—how drastic a self-correction at each 
step—the system can afford under known conditions without en- 

To sum up, equilibrium analysis is based on a restricted part of 
dynamics; it is restricted to the description of steady states. Cyber- 
netics is based on full dynamics including changes of state; and it 
combines these full dynamics with statistics, Cybernetics is the 
study of the full dynamics of a system under a ratistically varying 
input. The ial usefulness of this approach to such economic 
problems as, for example, the so-called “cobweb theorem” has been 
stressed by some economists." 
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From a historical point of view, the rise of equilibrium analysis 

meant the neglect of problems of purpose. Cybernetics offers not 

only a gain in technical competence bur also a possibility of restoring 
to problems of purpose their full share of our attention, 


LEARNING AND PURPOSE 


Even the simple feedback network shows the basic characteristics of 
the “learning process” described by John Dollard in animals and 
men. According to Dollard, “there must be (1) drive, (2) cue, (3) 
response, and (4) reward.” In a man-made feedback network, 
“drive” might be represented by “internal tension,” or better, by 
mechanical, chemical, or electric “disequilibrium”; input and output 
would function as “cue” and “response”; and the “reward” could be 
defined analogously for both organisms and man-made nets as a 
“reduction in intensity” (or extent) of the initial “drive” or internal 
disequilibrium.” 

A simple feedback mechanism implies a measure of “purpose” or 
“goal.” In this view a goal not only exists within the mind of a human 
observer; it also has relative objective reality within the context of a 
particular feedback net, once that met has physically come into 
existence, Thus a goal may be defined as “a final condition in which 
the behaving object reaches a definite correlation in tine or in space 
with respect to another object or event.” 

This definition of a goal, or purpose, may need further develop- 
ment. There is usually at beast one such external goal (that is, one 
relation of the net a3 a whole to some external object) that is asso- 
ciated with one state encompassing the relatively lowest amount of 
internal disequilibriam within the met. Very often, however, an al- 
most equivalent reduction of internal disequilibrium can be reached 
through an internal rearrangement of the relations between some of 
the constituent parts of the net, which would then provide a more 
or less effective substirute for the actual artamment of the goal rela- 
tion in the world external to the net. There are many cases of such 
surrogate goals or ersatz satisfactions, as a short circuit in an elec- 
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tronic calculator, intoxication in certain insects, drag addiction or 
suicide ina man, or outbursts against scapegoat members of a “tense” 
community. They suggest the need for a distinction between merely 
internal readjt and these that are sought through pathways 
that inclade as an essential part the reaching of a goal relationship 
with some part of the ouside world, 

This brings us to a more complex kind of learning. Simple learn- 
ing is geal-secking feedback, as in a homing torpedo. It consists in 
adjusting responses, so as to reach a goal siraation of a type that is 
these arrangements remain fixed throughout its fe. A more com- 
plex type of learning is the self-modifying or goal-changimg feed- 
back. It allows for feedback readjustments of those internal ar- 
rangements that implied its original goal, so that the net will 
change its goal, or set for itself mew goals that it will now have to 
reach if its internal disequilibrium is to be lessened. Goal-changing 
feedback contrasts, therefore, with Aristotelian teleology, im which 
each thing was supposed to be characterized by irs unchanging telos, 
but it has parallels in Darwinian evolution.” 

We can now restate our earlier distinction as one between two 
kinds of goal-changing by internal rearrangement. Internal re- 
sccengemnscts thet ers «Hl: relevant 09 Godl-awking Aye Sere 
world we may call “learning.” Internal r that reduce 
the na’ gousecking fective telang tothe pahology af lem 
ing. Thei stration and self-dectraction. 









| learning 
the Sates ul 4 aged & oles Sean aE 
several orders of purposes. 

A first-order purpose in a feedback net would be the seeking of 
iemediate satisfaction, thar is, of an internal stare in which internal 
disequilibrium would be lex: than in any alternative stance, within 
the range of operations of the net. This first-order purpose would 
correspond to the concepts of “adjustment” and “reward” in studies 
of the learning process. Self-desrructive purposes or rewards would 
a 
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By a second-order would be meanc thar internal and 
external state of the net that would scem to offer to the net the larg- 
est probability (or predictive value derived from past experience) 
for the net’s continued ability to seck first-order purposes. This 
would imply self-preservation as a second-order purpose of the net, 
overriding the first-order purposes. It would require a far more 
complex mer. 

A third-order purpose might then mean a state of high probability 
for the continuation of the process of search for first- and second- 
ender purposes by a group of nets beyond the “liferime™ of an indi- 
vidual net. This would include such purposes as the prescruntion of 
the group or “preservation of the species.” Third-order purposes re- 
quire several complex nets in interaction. Such interaction between 
several nets, sufficiently similar to make their experiences relewant 
test cases for one another, sufficiently different to permit division of 
labor, and sufficiently complex and readjustable to permit reliable 
communication berwecn them—in short, such a seciefy—is in torn 
essential for the higher levels of the learning process that could lead 
beyond third-order purposes. 

Among fourth-order purposes we might include states offering 
high probabilities of the preservation of a process of purpose-seck- 
ing, even beyond the preservarion of any particular group of species 
of nets. Such purposes as the preservation or growth of “life,” 
“mind,” “order in the universe,” and all the other purposes envis- 
aged in science, philosophy, or religion, could be included here. 

The four orders overlap; their boundaries blur, and there seems to 
be no limit to the number of orders or purposes we may set up as aids 
to our thinking. Yet it may be worthwhile to order purposes im 
some such fashion, and te retain, as far as posable, the model of the 
feedback net thar permits us to compare these purposes to some 
degree with physical arrangements and operations. The purpose of 
this procedure would not be to reduce intellectual and spintual 
purposes to the level of neurophysiology or mechanics. Rather it 
would be to show that consistent elaboration of the simpler processes 
can elevate their results to higher lewels. 
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The movements of mesages through complex feedback networks 
may involve the problem of “value” or the “switchboard problem,” 
that is, the problem of choice between different possibilities of rout- 
ing different incoming messages through different channel or “asso- 
clanive trails’ within the network. [f many alternative channels are 
available for few messages, the functioning of the nerwork may be 
hampered by indecision; if many messages have to compete for few 
channels, ir may be hampered by “jamming.” 

The efficient functioning of any complex switchboard requires, 
therefore, some relatively stable operating rules, explicic or implied 
in the arrangements of the channels, These roles must decide the 
relative preferences and priorities in the reception, screening, and 
routing of all giemals entering the network from outside or origimat- 

There are many examples of such rules in practice: the priority 
given fire alarms in many telephone sysnems; or the rules derermining 
the channels through which transcontinental telephone calls are 
routed at different loads of traffic; these last inchode even the “hant- 
ing” of an automatic switchboard for a free circuit when the routing 
channels are fully loaded. They illustrane the general need of any 
complex network to decide in some way on how to distribute its 
“attention” and its priorities in expediting competing messages, and 
how to choose berween its lange number of different possibilicies for 
combination, association, and recombination for each mesage. 

Whar operating rules accomplish in switchboards and calculating 
machines is accomplished to some extent by “emotional preference" 
in the nervous systems of animals and men, and by culrural or imsti- 
tutional preferences, obstacles, and “values” in groups of societies, 
Nowhere have investigators found any mind of that type that John 
Locke supposed “ro be, as we say, white paper.” Everywhere they 
have found structure and relative function. 

In moch of the communication: machinery currently used, the 
operating rules are rigid in relation to the content of the information 
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dealt with by the network. However, these operating rules then 
selves tay be made subject to sone feedback process. Just as human 
directors of a telephone company may react to a traffic count by 
changing some of their network's operating rules, we might imagine 
an automanc telephone exchange carrymg out its own graffic counts 
and analyses, and modifying its operating rules accordingly. It 
might even modify the physical structure of some of its channels, 
perhaps adding or dropping additional microwave beams (which 
fulfill che function of telephone cables) in the light of the traffic or 
financial data “experienced” by the nepwork.* 

What scems a possibiliry in the case of man-made machinery 
seems to be a fact in living nerve systems, minds, and societies. The 
establishment and abolition of “conditioned reflexes” have long been 
studied in animals and men, and so have the results of individual and 
group Icaming. Such processes often include changes in the “op- 
erating rules” that determine how the organism treats subsequent 
items of information reaching it. 

Any network whose operating rules can be modified by feedback 
processes is subject to internal conflicr berween its established work- 
ing preferences and the impact of new information. The simpler the 
network, the more readily internal conflicts can be resolved by auro- 
matically assigning a clear preponderance to one or another of two 
competing “channels” or “reflexes” at any particular moment, swing- 
ing from one trend of behavior to another with least delay. The 
more complex, relatively, the switchboards and networks involved, 
the richer the possibilities of choice, the more prolonged may be the 
periods of indecision or internal conflict. Since the net acquires its 
preferences through a process of history, its “values” need not all be 
consistent with each other, They may form circular configurations 
of preference, which later may trap some of the impulses of the net 
in circular pathways of frustration. Since the human mervous net- 
work is complex, it remains subject to the possibilities of conflicts, 
indecision, jamming, and circular frustration. Whatever pattern or 
preferences or operating rules govern its behavior at any particular 
time ean only reduce this affliction, but cannot abolish ir** 

Since the network of the human mind behaves with some degree 


oF 


of plasticity, it can change many of its operating rules under the 
impact of experience, It can learn, not only superficially but funda- 
mentally: with the aid of experience the human mind can change its 
seems true of the general plasticiry of the individeal human mind 
applies even more to the plasticity of the channels that make up 
CApAcity seems to occur m some propertion te the ability of those 
cultures to survive and tos 

Since all learning including changes in goals or values consists in 
physical internal rearrangemenss, it depends significantly on mate- 
rial resources. The Jearming capacity of any system or organization, 
that &, the range of its effective internal rearrangements, can thus be 
measured to some extent by the number and kinds of ins nvcom- 
mitted resources, Such resources need not be idle; bur they must be 
reamgnable from their current functions. There is 2 qualitative ele- 
ment in lea 





Learning capacity can be tested by ewo independent sets of opera- 
piven situation, much as the learning capacity of rats is tested in a 
maze and that of armies is tested in battle; and second, by analysis of 
or adaptability of one army relative to another can be predicted if, 
other things being equal, ie has greater facilities of communication 
and transport and a greater “operational reserve" of uncommitted 
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cheap in rats, but expensive in armies, or in the defense of cities 
against atom bombs, the prediction of probable learning capacity 
from structural analysis and the suggestions for probable improve- 
ments by the same method may have considerable practical im- 

So far we have described rwo kinds of feedback: “goal-seeking,” 
the feedback of mew external data into a net whose operating chan- 
nels remain unchanged; and “learning,” the feedback of external 
data for the changing of these operating channels themselves. A third 
impertant type of possible feedback is the feedback and simultane- 
ous scanning of highly selected internal data, analogous to the prob- 
lem of what usually is called “consciousness.” 


CHAPTER 
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Consciousness and Will 
as Patterns of 


Communication Flow 


Cieetonmes may be defined, as a first approximation 
and for the purposes of this discussion, a3 a collection of internal 
feedbacks of secondary mexages, Secondary messages are messages 
about changes in the state of parts of the system, that is, about pri- 
Mmiry messages. Pramery messages are those that move through the 
SYS in consequence of its interaction with the ouside world, 
Any stcondary mesage or combination of messages, however, may 
In TWIN Serve as a primary message, in that a further secondary mes 
sage may be attached to any combination of primary messages or to 
other secondary messages or their combinations, up to any level of 

In all these cases, secondary messages function as symbels or in- 
ternal labels for changes of state within che net itself, They are fed 
hack into it as additional information, and they influence, together 
with all other feedback dara, the net's subsequent behavior. “Con- 
sciousness” does not consist merely in these labels, but in the proc- 
=p Aanatntd are derived from the net and fed back into it, 

in the processes by which two or more such secondary messages 
oH 
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CONSCIOUSNESS IN SOCIAL ORGANIZATIONS 


Feedback messages about some of the net's internal states occur in 
simple form in electronic calculators where they serve important 
functions in recall. They may occur, in extremely complex patterns, 
in the human nervous system, where they are not easy to isolare for 
study. But they also occur, and can be studied with relative case, in 
the division of labor of large human teams that process information 
and collectively fulfill certain functions of thought. We find such 
teams in industrial research laborapories, and in political or military 
intelligence organizations. 

Wre can observe how guide cards and index tabs are added to the 
information moving through, or stored within, the filing systems, 
libraries, card catalogues, or “document control centers” of in- 
telligence organizations (such as the State Department or, during 
World War II, the Office of Strategic Services), and how thee 
secondary symbols influence the further treanment of the informa- 
ten, The heads, policy boards, or project commirtees of such organ- 
izations cannot deal with all the vast informarion in the original doc- 
uments, They deal mostly with tithes, description sheets, summaries, 
project requests, routing slips, and other secondary symbols, while 
a great deal of the material continues to be processed “below the 
level of the consciousness” of the guiding and policy-making parts 
of the organization. Only those feedback circuits and decisions that 
are “picked up" through the attachment and feedback of secondary 
symbols become directly “conscious” for the organization. 

To be sure, the selective function of any network is by no means 
limited to this “conscious” zone of secondary symbols. On the con- 
trary, What reaches that zone for separately labeled and recorded 
processing depends in turn on what has been selected or rejected, 
associated or disassociated, roured or blocked, recorded or misfiled 
or erased within the rest of the system. There is sore automatic 
screening carried out by the reporter on the beat, and by the desk 
analyst in the intelligence organization, and we may suspect similar 
screening processes in the “nonconscious” remembering and for- 
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getting, the “aversions” and “hunches” of the individual mind, as 
well as in many of the “unverbalized” conventions and assumptions, 
preferenees or taboos of human societies and cultures. 

The powers of the “nonconscious,” internally unlabeled processes 

within a network, can be positive as well, Am experience may be 
built up into a perception and recorded in memory, two and two 
may be put together, new associations, discoveries and insights may 
be put together “nonconsciowsly” without the intervention of sec- 
ondary symbols, uneil secondary symbols are artached to the new 
combination, and suddenly the image of the mew synehesis breaks 
through inte the realm of consciousness, seeming all ready and ar- 
mored, like Pallas Achene springing forth from the head of Zens in 
the Greek legend." 
_ By attaching secondary symbols to some of our steps in a calcula- 
secondary symbols are fed back ints the net, and the message of 
which the net has beoome “conscious” may then appear im the net 
with greater frequency than its unlabeled alternatives, and it may 
and they may be changed more easily if this possibiliry is included in 
the net. ‘The effects of such internal bbeling may be thought of as 
publicity devices in a sociery. Once attached po particular ideas, 
practices, or laws, they may lift them from their previous obscure 
ners actual content. Some primary symbol may be “overrepre- 
wo 
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scious” at all. Consciousness, therefore, may be false consciousness, 
much as the actual personality of aman may be quite different from 
what he thinks it is. Similarly, by attaching suitable symbols and 
feedbacks to selected aspects of their behavior, groups or mations 
can be given highly misheading ideas about their own character. 


CONFRONTATION FOR SIMULTANEOUS INSPECTION 


Consciousness, however, involves not one operation but at least two, 
Tt requires first of all a high degree of selection and abstraction from 
the stream of primary or lower-order messages, and their highly con- 
densed and abridged mapping into a much smaller number of 
higher-order messages. Bur it also implies, as a rule, the more or less 
simultaneous scanning or inspection of as much of this abridged 
second-order information as can be encompassed in the “focus of 
consciousness —or the “span of attention” or “span of contral”— 
of a person, or in the effective range of surveillance or control of an 
organization. 

Physical examples of such condensed and concentrated arrange- 
ments of secondary symbols for their simulraneous—or nearly simul- 
tancous—inspection are abundant. They include the nineteenth cen- 
tury military staff maps on which colored pins and other movable 
symbols represented troops; the underground plotting center in the 
Battle of Britain in 1940 where, on a large simplified map of southern 
England and the Channel, wooden counters were moved with rakes 
by army personnel, so ag to represent the strength, position, direc- 
tion, and speed of artacking and defending aircraft and to permit 
quick decisions abour the best use of still disposable British fighter 
defenses; and the transparent plastic screen in the antiaircraft con- 
erol center of post-World War Il vessels in the premissile age, when 
the quickly changing reported numbers and movernents of attacking 
enemy aircraft were chalked in color on one side of the plastic, so 
as to permit the officer on the other side to encompass at one glance 
the rapidly mounting attacks from many directions against his ship, 
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and to decide on the best allocation of his own antiaircraft batreries, 
and perhaps fighter planes, for his defense; and the “situation room” 
of the early 1990's, where the President of the United States was 
reportedly briefed almost daily by his subordinares on the changing 
conditions and crises around the world, was sunilariy designed to 
facilitate simultaneous inspection, A current offspring of all these 
simpler devices could perhaps be seen in the vast warning and com- 
puting system af the late 1950's and early 1960's—such as the SAGE 
systen—that are designed to collect and compare a large number of 
highly abbreviated data, radar readings, and the like, so 23 to make 
or keep their operators aware of all actual or aPPATene MOVeMents 
of aircraft of missiles toward the territory of the Unired States, 

The last stage in this approximation to certain aspects of con- 
sciousness would be reached when these early-warning and comput- 
ing systems were made fully automatic. In this stage, not only 
would the collection, abridgment, and collation of the primary 
messages be carried out by electronic equipment, but so would their 
confrontation with selected data automatically recalled from the 
memory banks of appropriate computers, and, further, che inter- 
pretation of data and memories, as confronted with each other, 
fur Pa of defensive or retaliatory action. Here the automatic 
smultancous inspection of abridged symbols may lead to highly 
fallible decistons about war aeainyser thus ne the life and 
death of nations and perhaps of all mankind, much as the quick, 
simultaneous inspection of the few matters of which an individual 
is aware may lead him to some highly fallible decision about his own 
fare, Here our man-made machinery of quasi-consciousness shows 
once again its close relation to problems of command and govern- 
ment. The subject of a recene thoughtful paper in communication 
engincering and command problems in national defense, entitled 
“Emergency Simulation of the Duties of the President of the 
United States," indicates some of the more remote perspectives thar 
might possibly follow someday from trends now under way," } 

The dangers from a premature and poorly understood extension 
of these techniques to the making of high-speed and almost inevi- 
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rably shallow decisions about the life and death of millions are 
appalling. No one has warned more emphatically and cogently 
agains: this overextension of engineering in advance of broader and 
more fundamental knowledge than one of the intellecrual fathers of 
much of this technology, Norbert Wiener.* The realism of his 
warnings was illustrated by the news that, on November 24, 1941, 
at a tense moment during the Berlin crisis, bombers of the Unired 
Stares Scraregic Air Command had been moved to the runways in 
Pespenise 00 an erroncous skrnal.* 

There is no reasonable way in which we can transfer tasks of 
individual and social thinking, decision-making and consciousness to 
some aggregation of electronic machinery, unless we first have taken 
geod care to understand this particular task or aspect of thought 
and consciousness in its social and individual setting. Before we hand 
any tsk of consciousness to a machine, we should understand at 
least to some extent what consciousness is; what the processes are 
thar ir describes; whar the differences are thar ic makes in a set of 
probable outcomes; and what the facilities are that ic requires. The 
answers to these questions are not at all complete; but the notion of 
consciousnes, derived here from the viewpoint of communications, 
may help us to get more and better answers m the course of time. 

How does this feedback notion of consciousness compare with 
other approaches? In the behaviorist school of psychology, we are 
told that “consciousness” and conscious processes “are excluded as 
not subject to scientific investigation, or... reinterpreted as covert 
language responses." In social science writings, consciousness is 
often stressed, and ascribed to groups, but usually this is done with- 
out definition or description in any but intuitive terms." Two re- 
cent writers describe individual consciousness as follows: 


[The] integrative (regnanc) process in the brain . . . according to the 
Seared ehh ag lanstiss Gi reste pweielogrie =. pe cae nd Sa 
awareness (as if they had a mirror in which to see themselves). 
During the passage of one event many, but not all, of the regnant 
processes have the property of consciousness, at the moment of their 
occurrence or soon afterwards if recalled by retrospection. Thus the 
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stream of consciousness & nothing more than the subjectrre (inner) 
awareness of some of the maxncntary forces operating at the regnant 
level of integration in the bruin feld.* ee 


‘This is a suggestive description in the language of everyday life 
m which processes behave like small individuals who “reign,” “see 
themeelves at if they had 2 mirror,” and “have the property of con- 
sciousness” that “is noching more than... subjective (inner) aware- 
ness.” Bur it is nor very helpful as a concept from which we might 
derive new observations and experiments. 

In contrast to this, whar are the operational implications of our 
feedback model? First of all, if consciousness is a feedback proces, 
then it requires material facilities and is carried on ar some material 
cost In terms of facilites and time. Some of the facilities thar are 
Ged op, and some of the delay imposed on primary process, should 
be capable of measurement. 

Second, feedback processes have structures, circuits, channels, 
switching s, incompatibilities, and discontmuites that 
might be susceptible of mapping. 

In the third place, if we cannot isolate the physical facilities in- 
volved, we might devise functional rests for possible patterns, limits, 
and discontinuities in the performance of the process of conscious- 
ness. If these tests should yield a map of discontinuities in perform- 
ance, we might derive a basis for further inferences about the 
structure of the underlying facilities and processes themsclves.™ 

Similar considerations might apply to the processes of “con- 
schousniess” in nations, classes, or other social groups If there are 
such processes, how are they organized and patterned? Whar are 
the manpower, facilities, symbols, learning processes, and teamwork 
reltons by which they are carried on? If consciousness: resembles 
a feedback, does it also resemble the feedback's peculiar kinds of 
Instubility? A small change in a feedback cireuit can bring about a 
large change in its over-all performance. Are there analogies for this 
in social life? 

The feedback model of comscigusness is more than a verbal ex- 
plsnation. It is a concept. For it suggests many questions that 
Li 
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sooner or later should be answered, one way or another, by obser- 
vation and experinvent. 


WILL AND THE CLOSURE OF DECISION SYSTEMS 


(Consciousness seems related to “will"—or to that sense of conatpon, 
or making autonomous decisions, which we mean when asserting 
thar “our will es free.” This notton of will includes not only de- 
cisions with internal labels attached oo the very moment of action, 
or to several steps within an action. It also includes mere decisions 
to start an action, now or on a later signal, with the actual parts 
of the action following automatically without any “conscious” labels 
attached to them." Will im all these cases may be tentatively de- 
fined, in any sufficiently complex net, nervous system, or social 
group, as the set of internal labels attached to various stages of 
certain channels within the met, which are represented by these 
labels as relatively unchanging, so that “we merely trip the purpose 
and the reaction follows auromatically."™ 

In other words, will may be called the set of internally labeled 
decisions and anticipated results, propored by the application of 
data from the system's past and by the Mocking of inconrpatible 
Hpulses or data from the systenrs present or future. Since the net 
cannot forerel with certainty either the outcome of the subsequent 
trains of irs own internal messages and switching orders, or the out- 
come of its own efforts to inhibic information incompatible with 
the “willed” resule, ic knows only what it “will do,” not whar it 
“shall do.” It may “know its mind,” burt it cannot know with cer- 
tainty whether or when it will change it." 

A fundamental problem of “will” in any self-steering network 
stems to be that of carrying forward and translating into action 
various data from the net's past, up to the instant that the “will” is 
formed (the determination becomes “sec” or the decision “hardens"), 
while blocking all subsequent information thar might modify the 
“willed” decision, Will resembles the “deadline” im a newspaper: 
it could be called che fternally labeled preference for predecision 
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menage: over portdecision ones, The “moment of decision” might 


then be séen as that chreshold where the cumulative outcome of a 
combination of past information begins to inhibit effectively the 
rainsinision of contradicrory data, 

This general problem of “will” seems to apply, at beast to some 
exnent, to man-made devices whose operations can be accurately 
specified. Automatic pilots or steering mechanisms exclude or 
compensate for subsequent “experiences,” such as gusts of storm, 
which might deflect them from their course. Guided missiles, hom- 
me torpeders, proximity fuses, and similar weapons involve in their 
design problems of this kind. 

A primitive once-for-all process of a somewhat comparable type 
seems to be involved in the process of “learning by imprinting” bode 
has been observed in goslings and certain other young birds: 


ee ee ean ane SOE as ee eee A 
. first sees in the hours after hacching, bee it bird, beast or man, the 
gosling will follow as it normally d follow its mother. The fixa- 
tive is demonstrated as... essentially... on any first moving abject 
perceived... . How rain aetna gh parity 25 i 
experiment in which the first thing presented to the cyes of a budger- 
cegah remained forever its only object of atrachenent and its days of 
courtship were spent in irying to make love eo a ping-pong ball. . , 

A working model of the mechanism is simple, A | cadback trigger 
circuit provides channels for the reception of a number af possible 
stimuli, and is so constructed that, when any one of them is activated, 
it locks on, and a common reflex puts all the other channels oot of 
action—thar is, excepting the one already locked.* 


This process of “learning by imprinting” resembles what we have 
called “will” only to the extent that a stage of openness of the acting 
system to different messages is followed by its closure after a 
ar ccadlcing mainge i Scale Webeek "WHE daa 

Ski bug Wee nae ke “will” differs ches 
imprint learning, however, in that it is usually internally monito 
and labeled, wad thut appears as a consclone decision to the: acting 
person himself and possibly to other observers, Moreover, will 
often involves repeated loosening and hardening of decisions, thar 
is, the setting and resetting of goals, purposes, or courses of action 
1 
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that remain fixed only for limited lengths of time. Imprint learning, 
so far as we can tell, occurs without any awareness on the part of 
the animal; and it lasts for a lifetime in some of the experiments 
described. It is thus a kind of extreme caricature of will: a blind 
slipping inte an irrevocable decision about one’s own further pref- 
erences and desires—an extreme form of learning wot to learn in 
the future. 

Isolating the pattern of “will” in feedback machines may help us 
to recognize it In men and communities. Men may shut out the 
experiences of pain or fear or doubr or pity that might deflect them 
from their “fell purpose.” Cultures or states, ever since the days of 
the Spartans, have often put taboos or legal prohibitions in the way 
of all messages that might change their previously determined par- 
tems of behavior. Modern nations, governments, or political parties 
in war Or peace may strive to perpetuate their policies by blocking 
all incompatible experiences from the life of their community 
through all means at their dispotal—legalation, indoctrination, pres- 
sure, censorship, police, or propaganda. It i in that sense, perhaps, 
that the concept of “will” can be applied meaningfully to the be- 
havior of political movements, peoples, and social organizations. In 
government and politics, will is a pattern of relatively consolidated 
preferences and inhibitions, derived from the past expervences of a 
social group, consciowsly labeled for a relevant portion of its mem- 
bers, and applied to guide the actions, to restrict the subsequent cx- 
periences of that group and its members." 


THE NATURE OF “FREE WILL" 


In what sense is this “will” free? 

First of all, this will is relatively free from the pressures of the 
ouside world at any one moment, since it represents the stored 
outcome of the net's past now being fed back into the making 
of Present ¢ cisions. Without effective feedback of its past, the 
net's behavior would be determined largely by outside pressures. 
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It would nor steer, bot drift, m beth its external and intennal 

As lon as ie has autonomy, the net wilk what ic is. Ir wills the 
behavior patterns (the “personaliry”) that it has acquired im the 
past and that it is changing and remaking with each decision in the 
present. Thanks to what it has learned in the past, it i not wholly 
subject to the present. Thanks to whar it still can learn, it is noc 
wholly subject to the past. [ts internal rearrangements in response 
to new challenges are meade by the ineerplay berween im present 
and its past. In this interplay we might see one kind of “inner 
freedom.” 

In its external actions, the net does whar it can do, Its outward 
behavior will be the result of the interplay berween the orders 
transtted to its effectors and the feedback data abowt their re- 
sults among the pressures of the ourside world. In this type of inver- 
play we may see a kind of external freedom for the net to continue 
to seek its goal, 

Freedom in a feedback network could go further. A chess-playing 
Machine could be conscructed that would rapidly compute all ad- 
mussible moves on both sides for two or three moves ahead, and 
choose the ones more profitable for its side, according to a4 
schedule of values derived from the rules of the game. It would play 
mediocre chess. Tt could be improved, however, by giving it a 
suitable memory and additional circuits, so that it could learn to 
modify its play on the basis of experience. The quality of its playing 
would then depend largely on that of its experience. If all its past 
opponents were mediocre, the machine might never learn to play 
brilliantly. It would remain imprisoned by che limirations of its 
past. Hut ie could be aided co play better by building into it 2 de- 
vier to break or sometimes override the parterns learned from its 
past, giving che machine a chance for initiative and creativity. 

This function of autonomous intemal hebit-breaking could be 
soap Ae pe. am eeepeaeapratiuapes galsiemrarca 3 
some “internal receptor,” such as the flipping of char 
Gis heel Ce ec ac wae cic iis 
dliasained by tie positions eadss GE atc canal deceit cc, 
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Patterns ef Communication Flew 


a device could be so connected as to break up established conmec- 
Hons or patterns of response from time te time, and to permit new 
combinations within che net to be formed, recorded internally in 
memory and carried through into external action. 

The results might resemble those of a “spontancous impulse.” 
Like all “spontaneity,” they would be subject co limitations. All 
they could do would be to replace an old or highly probable 
configuration by anew or less probable one, provided that the ele- 
wens for the now configuration were already present mt the met 
aft the entecal moment—even though they might have gor there only 
through seme inpot in the immediarely preceding insane’ The 
range of possible new combinations would therefore also depend, 
among other factors, on the range of posible new inpue informa- 
tion from the ootede world and on the effectiveness of the inner 
“habit breaker” in breaking up blocks against the integration of 
such new inpots with other data in the net. Ajpart from facilicating 
this inflow of new information, “spontancity” could only bring 
out a wider flow of the potentialities already contained within 
the net. 

This type of feedback network might provide an analogue for the 
problem of “free will.” Such an analogy might be found in a ma- 
chine combining a determinate store of memories with a randomly 
varying inner receptor in the circuits governing recall and combina- 


ten, The random effects of the inner receptor (or “sudden impulse") 





aplasia ie dimil he? Scene leh, ton atives as well as of 
critical recognition processes or patterns avaiielsbe from the stored 
sip dha mahsia: ton *parmacdoy's Such a machine might act 
“freely,” with initiative, but “im character." 

The analogy suggests thar moral responsitahty i conferred by 
the determinate, cumulatively learned clement in the combination. 
To treat a tan as ' “responsible” is to treat him on the assumpeion 
that his learning process bas not been disrupted. Each of us 5 
responsible for whar he is now, for the personality he himself has 
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Whar is retaea to power Hardening a decision—that is, 
closing the decision-making system against any further messages by 
which that decision might possibly be moxlified—is insignificant in 


srs ell ad ne facilities to put it into effect against possible 
race or in any case, to put it into eflect in such a 


Taser ‘abt: awk sumo ajprncakle siMchesisn' an hak weientlle 
outcomes in the environment that would have occurred anyway. 





Will is thus ineffective without power, but power is only randomly 
effective without will. Power cannot accomplish more than a suc- 
cession of random impacts on the environment, unless there is some 
relatively fixed goal or purpose, some decision or strategic class 
or sequence of decisions, by which the application of power can 
be guided and dircered. This guidance is indispensable for the 
sustained eifecuveness of any symem that applies power to its 
environments; and any such system must receive this guidance 
from its memories, its past decisions, its will, or somewhat more 
generally, from its character. 


to 





Political Poizner tial Social Tramsachion 


It is perhaps in connection with wil ‘oad characeers—with the 
more or less stable inner program of a 4 Sy Stern, a petson, an organi- 
zation, or a government—thar the concept of the power of any of 
these actors must be understood and that our present understand. 
ing of the problems can be most promisingly developed.* 

The peint may bear elaboration, In their internal relations, an 
individual or an organization may give preference to the value or 
behavior parmerns that correspond most closely to the structure of | 
the habins and memories they have acquired in the past. In their | 
dealings with the outside world, individuals and organizations may 
try to act in “character” but they may not soceeed in dome so. By 
the power of an individual or organization, we then mean che extent 
to which they can continue successfully to act out their character, _ 
Differently pur, by power we mean the abiliry of an imadiyicual 
OF 40 organization te impose extrapolations or projections of their | 
inner strocture upon their environment. In simple language, to have | 
power means not to have to give in, and to foree the environment: ff 
or the other person to do so. Power in this narrow sense is the’ 
priority of ourpue over intake, the abiliry co talk instead of listen. 
In asense, it is the abilicy to afford mot to learn. 

Power in this narrow seme is conceived on the analogy of the 
hardness seale of minerals, of the scratching of glass by a diamond, 
or of the “pecking order" in a chicken yard.* Ic should mot be con- 
fused with serength or growth, When carried te extremes, such 


marrow power becomes blind, and the person or organiation be- - i? 


comes insensitive to the present, and is driven, like a bullet or tor- 
pedo, wholly by tts past. The extolling of power by certain con- 

servative writers, often in preference to its analysis, may not be 

unrelated to this pattern. 

The simple view of power can be restated in probabilistic terms. 
Gross power can be thought of as the probability of a system acting 
out its internal program by imposing a given amount of changes 
upon the environment; and net power can be derived from this as 
the difference beeween the probability of these changes imposed on 
the outside world, and the probability of another critical or relevant 
amount of changes occurring in the inner structure of the system. 
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